ABSTP.
Mud samples were collected from the creek bank used by the swallows and from the nests, and were oven-dried for 36 hours at 250øC to determine the water content. An average-sized nest and a large nest were collected and the mud portion weighed. Adult swallows were captured with a mist net and released after their weight, wing span, and wing length were measured.
Temperature, humidity, and the concentration of CO2 were measured within the nests, above the occupants. A 30-gauge thermocouple (Bailey Instruments), a humidity probe (Thunder Scientific), and a short length of glass tubing connected to a glass syringe were introduced about 10 cm into the nest chamber. The concentration of CO2 in the air sample was immediately determined with a Scholander 0.5 cc gas analyser. 
Standard metabolic rate (SMR) was predicted for the

RESULTS
Daily time budgets of the Cliff Swallows differed markedly during the nest construction, incubation, and nesfiing periods (Fig. 1) . The total number of birds counted was about 40 except during the period of nest construction when the swallows foraged in the foothills near the coast. The mean flight duration during nest construction, incubation, and the nesfiing period is correlated with the periods of mud collection (Fig. 1) Table 1) .
The temperature gradient between the inside and outside of the nest was between 0 and 7øC (Fig. 2) and unoccupied nests were 0 to 4øC above ambient during the day because of the solar heat load. Relative humidity was variable inside the nest (Fig. 3) The daily energy expenditure of Cliff Swallows was greater during nest construction than for the incubation or nestling periods, but the required food harvest rates were similar (Fig. 1) . Some of the time designated as foraging is spent in social encounters, especially during the courtship period, and so the harvest rates would be somewhat greater than the values presented in Table 1 .
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The added energetic demands of the nestlings must require a greater harvest rate than the calculated 4.07 W (Table 1) The relative humidity within Cliff Swallow nests was variable at high ambient humidities but was high at low ambient humidities (Fig. 3) . Absolute humidity was invariably greater within the nest because of the pulmocutaneous water loss of the nest occupants and/or evaporation of water from recently collected mud pellets. The swallows collected mud during the warmer periods of the day while they were incubating or had nestlings (Fig. 1) . This was apparent from the presence of swallows at the creek bank and the decreased duration of flights from the nest (Fig. 1) . The relative and absolute humidities were high when mud was collected ( Table 2) The present study describes some temporal and energetic aspects of nest building and reproduction by the Cliff Swallow, and demonstrates the role of physical measurements and aerodynamic theory in the construction of energy budgets. The close agreement of data from the present study with accounts of natural history of Cliff Swallows (Bent 1942 , Emlen 1952 , 1954 , data for the Purple Martin (see Table 1 ), and data for other species (King 1974 ) is gratifying. As nests of Cliff Swallows are usable for a number of years and 2 or 3 broods are raised per year, the cost of building the nest is considerably less than 122 kJ, surprisingly low in view of the number of advantages accruing from the nest.
